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ST 157N MICROCODE CLASS 


by Kumar Gajjar 
11/19/87 


Overview. 


Microcode layout. 
a) ROM Code 
b) RAM Code 


c) SPECIAL TEST Code 
c) Misc. 


Power-up sequence. 
Functional code & Overlay code. 
Typical Seek/Read operation. 
Defect Management. 
Extra features. 

a) Dynamic Tunning 


b) Cylinder Interleave 
c) Selftest , 


HARDWARE 


ST 157N 
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EXTRA CODE 
-MODE SELECT 
-MODE SENSE 
-RD/WR BUFFER 


/SFFE 


ROM MICRO-CODE LAYOUT 


POWER-UP DIAG 
-INT RAM TEST 
-8K RAM TEST 
-BUFFER TEST 
-~INITIALIZATION 
-ETC 


FUNCTIONAL UPLOAD 
FUNCTIONAL BOOT 
ETC 
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PRIME CODE 
-HOST INTERFACE 
-COMMAND TABLE 
-COMMON SUBR 
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OVER CODE 
-FORMAT 


COMMANDS LAYOUT 


* PRIMARY RAM CODE 


- SCSI protocol handler 

- Drive functions 

- Command kernel 

- Common subroutins 

- Commands handled: OO Unit ready 


* FIRST OVERLAY CODE (SECDCODE) 


- Commands handled: 03 Request sense 
O08 Read data 
OA Write data 
OB Seek 
28 Read extended 
2A Write extended 
2B Seek extended 
2F Verify 
E5 Read long 
E6 Write long 
E7 Set window margin 


* SECOND OVERLAY CODE (OVERCODE ) 


- Commands handled: O1 Recalibration 
04 Format unit 
11 Read usage counter 
37 Read defect list 


* THIRD OVERLAY CODE (XTRACODE ) 


- Commands handled: O07 Re-assign block 
12 Inquiry 
15 Mode select 
16 Reserve 
17 Release 
1A Mode sense 
iB Start/Stop 
1D Send diagnostics 
25 Read capacity 
ee 3B Write buffer 
3C Read buffer 


* RUN TIME PARAMETERS 
- Defect list 


- Available spare sectors map 
- Operating parameters 


NEGETIVE TRACKS LAYOUT 


The format of the negetive cylinders in ST157N is as follows. 


+—--- +rn nn tren errr tener err enen--- t$rewr ren rw reer wt wm ew we fr we we ew ewe wm we ween 
' CYL } HD } SECTORS ; OBJ FILE ; CONTENTS 

$nw em perm ne tm wm nw rr nm ter nw wr wn ewe $e nr nnn nr mre emer err er rm mrt wr wm we ew mee em em wm eee 
1-2 : 0 ;}; 0O - 15 } POS1 | Primary Operating System (PRIMCODE) 
: : ; 16 = 32 ; POS2 : + Check sum bytes 

; 72 ' 1 ; OO = 32 ; : Back up copy #1 

; ol ' O ; 00 - 32 } i Back up copy #2 

i ool i 1}; 00 = 32 ; ' Back up copy #3 

pawns i ee eee $e erer eee meee $e eer wn enw ee eee ee we we ee ee ew ee ee ee eee 
| =-2 H 2; 00 - 15 ; SCH {| Command Handler (OVERCODE ) 

; ol H 2; 00 = 15 ; i Back up copy 

teooee le tere ene eee $e wee eee em ee we ew me ee ee ee ee ee ee ee we ee ee ee 
; 22 4 2; 16 - 31 ; ECH ; Extra Command Handler (XTRACODE) 

; -1l i 2; 16 = 31 ; ' Back up copy 

$----- ee town wwe $e enw nw we ew ww ww ew ew ew ee ew ee ee eee 
; 2 H 3.4 00 } ; Drive Serial Number 

; ol ' 3 3 00 i ' Back up copy 

omen ee $¢ mn monn ewe Femme mm enw ewww ew mw ewe www ewe ew ew wm em www wwe 
, -2 ; 3 ; O1 - O4 |} ; Manufacture Defect map 

; ol ' 3 ; O1 - O04 j H Back up copy 

$oew-e teow pe wenn wee terre ew were pw wm eww eee ee ee ee ee ee ee ee we ee wee ew ww ww 
| -2 H 3 ; O05 - 15 } ; Not used 

{ -1 ' 3 } O05 - 15 ; t Not used 

+omeoe i.e 34 eee s tener nr eee eee $e en a a a we ww a ee ee ee ee ee 
; 2 ; 3 ; 16 - 31 |} stTc ; Special Test (SELFTEST) 

; ool ' 3 ; 16 - 31 |} : Back up copy 

$e owe ee eo +eernrwrne- eee toe we em em ow ew ew a ew ew ee ee ee ee eee 


Note: Drive Parameters, Format Defect List, Reassignment Block Map 
Spare Sector Map are stored in sectors 27 through 31 of Primary 


Operating System code, 


which are updated during Format. 
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POWER-UP SEQUENCE 


01) 
02) 
03) 


04) 


05) 


-06) 


07) 


08) 


Initialize Stack pointer and Microprocessor Ports. 


Stiction jump and start Spindle motor. 
Selftest. 


Check if drive is ready. 
If not then go to step (13) 


Check for DC erase jumper. 
If so then DC erase the Drive and go to step 


Check for LIFE test jumper. 
If so then do LIFE test and go to step (13) 


Read ID. 
If valid then go to step (09) 
else Unpark drive 
Read ID. 
If valid then go to step (09) 
else Softly recal to cylinder -2. 
Seek to Cylinder O and then seek to -2. 


Do Shoshine. 


Upload RAM code from -ve tracks. 
If RAM is not valid then go to step (13) 


Jump to RAM (functional) code. 
Blink LED to show error status. 


Idle in ROM operating system. 


(13) 


SELFTEST SEQUENCE 


1) Test Microprocessors' [Internal RAM. 
2) Check ROM Check Sum. 
3) Check and initialize Sequencer chip. 
4) Check 8K RAM. 
5) Check 2K Buffer. 
6) Read Controller ID. 
7) Initialize Buffer chip. 
8) Inititalize Drive. 
a) Pre-heat Stepper Windings. 
b) Check if Index is present. 
If not then go to step (e) 
c) Check Spindle speed. 
If good then go to step (9) 
d) Stop Spindle Motor 
If first time here then wait 2 seconds and go to 
Step (8.c) once only. 


e) Set Drive not ready and return to main program. 


9) Check Parity jumper. 


RAM-CODE UPLOAD PROCEDURE 


1) 
2) 


3) 


4) 


5) 


6) 


7) 


8) 
9) 
~ 10) 


11) 


£25: 


13) 


14) 


15) 


16) 


17) 


Set retry count to 8. 
Seek to cylinder -2. 


Select head O and read Check sum sector (sector 32) and 
verify its check sum. 
If good then go to step (8). 
else decrement retry count. 


Select head 1 and read Check sum sector (sector 32) and 
verify its check sum. 
If good then go to step (8). 
else decrement retry count. 


Seek to cylinder -1. 


Select head O and read Check sum sector (sector 32). and 
verify its check sun. 
If good then go to step (8) 
else decrement retry count. 


Select head 1 and read Check sum sector (sector 32) and 
verify its check sum. 
If good then go to step (8). 
else decrement retry count. 
if retry count = O then go to (16) 
else go to (2) 


Save Check sum bytes in buffer. 
Seek to cylinder -2, head O and set sector to 0. 
Set retry count to 8. 
Read sector and verify its check sum. 
If not good then go to step (13). 
else if sector = 0 then sync Index. 
Increment sector number. 
If not last+1l then go to step (10). 
else go to step (17). 
Increment head number. 
If less than 2 then go to step (15). 
else select head 0O. 
Decrement cylinder number. 
If equal to O then seek to cylinder -2 


else seek to cylinder -1 


Decrement retry count. 
If not equal to O then go to step (11). 


Set RAM not valid error code and return to main program 


Set RAM valid and return to main program 


RAM 


01) 
02) 
03) 
04) 
05) 


06) 


CODE START SEQUENCE 


Tie feiee Stee: pointer. 
Initialize Usage counter. 
Reset sense bytes. 

Set drive parameters. 

Enable all interrupts. 


Jump to wait (idle) loop. 


WAIT (IDLE) LOOP SEQUENCE 


01) Initialize Stack pointer. 

02) Clean SCSI bus. 

03) Enable all interrupts. 

04) Update sense bytes. 

05) Reset 10 minuite timer for Shoeshine/Dynamic tunning. 


06) Check for selection. 
If selected then go to selection routine 


07) Check if 10 min. timer is up 
If not then go to step (10). 


(08) Check Shoeshine/Dynamic tunning flag 
if Shoeshine then do Shoeshine 
else do Dynamic tunning 


09) Reset 10 minuite timer for Shoeshine/Dynamic tunning. 


10) Check for command in progress. 
if so then call reselection routine and go to step (06). 


11) Check for Special test jumper. 
if so then upload special test code off the disk and start test. 


12) Check Spindle speed. 
oe if speed is good then set drive ready bit & go to step (06). 
else set drive not ready bit. 


13) If Drive ready bit is on then reset Drive ready bit, 
start 5 second timer & 
go to step (06). 


14) If 5 second timer is up then Park heads, 
stop spindle motor, 
set Drive dead bit and 
go to step (06). 
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TYPICAL READ SEQUENCE 
01) Initialize R/W Control cegisters, reset DMA pending. 
& Buffer pointers. 


02) Convert LBA to physical address. Set/reset flags if seek * 
or head switching is required. 


03) Go seek or switch heads if needed. 
04) Start Read operation. 


05) Check for DMA pending flag. 
If DMA is pending then start DMA to Host. 


06) Check if data transfer is active. 
If not active then do ID error recovery. 


07) Do some house Keeping, i.e. increment sector number, adjust 
for defect of reassigned block and set up sequencer for 
next read operation. Set/reset flags if seek or heads 
switching is required. 


08) Check if data transfer is still active. 
If still active then wait for it to finish. 


09) Check if DMA (data transfer to Host) is still active. 
If still active then wait for it to finish. 


09) Check for error during read operation. 
If so then perform data error recovery. 


10) Decrement transfer block count and set DMA pending flag. 
if not last then go to step (04) 


11) Start DMA of last block to Host. 


4f 


READ RETRY PROCEDURE 


Do Shoeshine 


Re-read Sector 


ACTION 

NO ECC Correction 

NO Micro-Stepping 

NO ECC Correction 

8 Micro-Stepping 

2 Retries/Microstep 

5 Bit ECC Correction 
NO Micro-Stepping 

8 Bit ECC Correction 
NO Micro-Stepping 

8 Bit ECC Correction 
8 Micro-Stepping 

4 Retries/Microstep 


{2 
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ABSTRACT OF DEFECT MANAGEMENT 
FOR SEAGATE 157N 


Four maps are used for defect management. 


1.1 Manufacturing defect list consists of Cylinder (2 bytes), 
head (1 byte) and bytes from index (2 bytes). 


1.2 Format defect list consists of Cylinder (2 bytes), 
head (1 byte) and sector (1 byte). This list is sorted 


in ascending order. 


1.3 Reassign block list consists of Old logical block address 
(LBA) (3 bytes) and new physical ID (2 bytes). 


1-4 Unavailable spare sector list. Each bit indicates the 
availability of one spare sector. 


1.5 Max no. of defects allowed can be calculated as Polilowex 


1022 bytes = 4 * manufacturing defects + 5 * reassigned blocks 


Ex. for drives with 60 manufacturing defects, additional 156 


reassigned blocks are allowed. 


The last sector of each cylinder is designed as spare for future 
reassignment. When reassignment occurs, the closet spare sector 
available is used. 


ID header format (4 bytes) for vaious sectors. 


Normal sector LBA(H),.LBA(M), LBA(L), flag bytes 
Defective sector FF , FF , FF , FF 
Spare sector CYL(H), CYL(M), CYL(L), FF 


The drive is formatted skipping the last sector of each cylinder 
defective sectors in format defect list. 2 additional cylinders 
formatted to compensate the lost defective sectors. 


The capacity of the drive is guaranteed even with maximum number 
defects. The capacity is equal to 


(# Sectors/Track * # Tracks/Cyl - 1 Spare Sector) * # Cylinder 


for 157N (26 * 6 - 1) * 530 = 155 * 530 = 82150 Blocks 
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Reassign a block: 

The physical location (cylinder) for the bad LBA is calculated. 
Then the unavailable spare sector list is searched. If available 
then an entry is created in the reassign block list and the spare 
is added to the unavailable spare sector list. If not availible 
then try the next closest cylinder. The searching sequence always 
starts at current cylnder, then current cyl + 1, current cyl - 1 
and so on. 

Sequence of searching for target ID 
7.1 Read LBA from ID header. 
7.2 Translate LBA to physical cylinder, head and sector. 


7.3 Do adjustment for manufacturing defects. 


7.4 Check if the block is reassigned. 


Format of Defect list as stored on -ve tracks. 


ed ere + 
;Byte; Content | 
Se + 
; OO |} BE ' 
1, Ob. 4 ED ' 
: O2 |# DEFECTS} HEADER 
; 03 ; #RSVD ' 
; O4 ; =RSVD ! 
torment enn eee + 
O05 4° “CYL % 4 
' 06 {| CYL ¢ 
; O7 | HD #. $4 FIRST DEFECT 
; 08 ; BYTES $3} 
; O9 {FROM IDX} 
Se ee + 
H H H 
/ / / 
i H 1 
ee eee + 
: N }  OFFH ' 
ee ee + 
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Example: ST 157NB has 530 cylinders, 6 heads and 26 sectors/track, 
Assume there are 2 manufacturing defects. These are 


cylinder 0, head 0, sector 1 
cylinder 0O, head O, sector 3 


ana 5 sectors in cylinder 1 have been reassigned, the sequence is 
as follows. 


LBA 00 O01 00 is reassigned to cyl 1, head 5, sector 25 
LBA 00 01 05 "* ‘i es 2 . ° 

LBA OO 01 09 " " 7 8) ” 

LBA OO O01 03 " ee " 3 " id 
LBA 00 01 07 * 7 s 4 7 


1. Format defect list: 


iCYLH;CYLL; HD ;SECT;CYLH;CYLL; HD ;SECT;EOL ; 


$e wee te ww am tee map wm wn pt ww wn po a pe ew a pe eee te ee + 
' 00 ;} 00 ;} 0O } O1 } OO } OO } OO } O03 ! FF 3 


Se eee ee 
Note: 4 Bytes are needed for each defective sector. 


Assume the drive is formatted with 1 : 1 interleave, the 
relationship between LBA and physical address is as follows. 


Physical -------- LBA 
sector 
O 8 }894seeee--- 6) 
Cylinder 0O Ll 29 weer eerne defect 
head 0O 2 eerece-- ot 
3 89 ee ene-ee - defect 
4 $= ercere-- 2 


2. Reassigned block list: 


te ewe eemwo nme pam wenene + 
i LBA i SP CYL ; 
$e ew wren nme e $eoeee---- + 
: 0O O1 O00 ; OO O1 ; 
' QO O01 03 |} 00 03} 
; 0O O1 O05 ; OO O2 ; 
; 0O O1 O07 ; OO O84 |} 
' 0O O1 O09 ; O00 OO ; 
$ ere nee ewe nnn +e oerene-- + 


Note: 5 Bytes are needed for each reassigned sector. 
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3. The unavailable spare sectors list 
7 O bit 


Byte 0 ; OOO211111 | 


“Spare” sectors in cylinder O thru 4 are unavailable. 


4. Overall defect list: 


ee ee eee ee | 
; OO ; OO } OO ;} Ol } 
ee een eee eee Sere | 
' 00 ; 00 ; 00 } O3 } FF ; 
ee ee eee eee oe 
i. OO fF OF. -f OG } 00:4. O01. F 
ee ee ee eee ere 
; 0O } O1 |; O03 } CO } O3 } 
ee ee ee ee eee | 
; OO ; O1 ; OS } OO } O2 |} 
eee eee ee ee 
+ OO f OL 7} (07 |} CO +. 04, |} 
eee. ee. ee eee ee 

»* OO $} O01 4; O9 } OO } OO} 
ee ee eee eee ee 
1 FE { 


+-oeweo + 


5. The drive capacity is unchanged. However, the last LBA is in 
cyl 530, head OQ, sector 1 instead of cyl 529, head 5, sector 24. 
Capacity (26 sectors/trk * 6 trk/cyl -1) * 530 
82150 sectors 


1% 


AIC-010 CHIP FUNCTIONS DURING FORMAT COMMAND (1579) 


+= [NDE 
PRE- 
++ G1 PAD SYNC IDAa ID + ECC G2 Ssyic ab AM ODATA+ECE G3 G1(G4 FOR LASt SECT) 
INDEX stsgcueetsaneas joxeeee fincase $arssesheewse-s a te---- ae eS ecw cain ‘ 
598 . ; 
[ (coc on eer reccetewcenwwcensrewewenmewnnsnenarsemerecaaensscnasecenn sec seweassasaseowe | 

St ry troneee Se ee ae ee ee ir deme bassapeccaceccecuccesesccss = + 
DISC DATS II} 33 | 33 | 00 |SEJAI|CLIBDISC(FLIECC{ 0 | O00 [SE A1| FS] 6C }ECC} 00 | 33 be 

awwponca}woroen rr a Te ee ee toe taeton pono wnmwnn mew owwee Pome pomoe}ommeeeoce eww encowwoen - 
# OF BYTES IZ | 04 | 28 [ 18 JORJORPORPONOL{OR] 4 | 5 | 12 PORPON]ON §12 1 41 10 | 4CEOT FOR LAST SECT) | 

et es poewene poeetoeteetoesoepoepoeatpoeatoseor= toe tootoe pene necewewoowcoece town towne porewenwseseoeoswconene= > 

wonpwanetpoocace powasce proteatoewtoeetucetpoeatocetoeoctocoe so peetenpunpoeweunorweeononoce $own penne powwow ocncwonnoconneennce + 
AIC-010 SEQ. 15 | 16} 10 | OE [O6)O7{00(01; 02,03] Cy Tif 09 {OR OBY12) 04 1 D | 14) £6€13 FOR LAST SECT) | 

wowtocootooces= teaccere goeotectpoetooeponjon powe}owe}uecora go@wepoe twa foecaecoweaeeoecocen Geen} cows foe wnamewsowscnwwonceeeen >. 

poawce teowce + 
ADDRESS BARK 7 eeeenenneenne noe ------ + deermewwennmnrwnwnemewence + pueeneenenaceerawewsonsenseccnncesancoccesesesscceence 
TA as bonnes tawny 
ECC ee oe + pooaccowecnwwecewneroscenann = 
foeweenccocce + 

SECBA a eae + peiwsiedeSeedeccse cess saceledccaeceessancesss eeu _ 

eowtoecon+ Peamewoeoooroecseocosrssewces= + tee ese eevee ewe wee ewe ween wee eee en eeeeweoeoeee owes coeeeeetooceseonen - 
GRITE GATE 7/5 ---+ teonn-- + senn8 
(INPUT) see detail belon 

wee} eeewwooneeece $$ ¢eweweren ens eereesaneeesoneseeeoce $$ 0000 000066 6 000000000 0066006 08080026800 BETES COBH A222 Tee SCeeZeCe ~- 
GRITE GATE 7/5 ---+ ++ ++ 
(OUTPUT) 
READ GATE § ewww wn wenn nnn wwe wn enw enn e www ween sewn wwe nen meee ween nee ence nen nn eww ewww nen en enn e new en een e now ee ene cee coos soe --ee 

wseeceoeeeewon + 
STACK EWABLE 4 eeceeenceennnnnenesennnnn-oe teamenenn nen nse n nen ween weno non nwce nnn en ec eeonen sewn eweennnen- 
LEVERSE ERZ 9 women nn nnnn nnn nnn nnn nnn neon enn rn ecnn wenn mewn n enn n ewe n enn ene swewew nnn nwneneseeeeneseccorerennsene= 
: : toacce +> 
OUTPUT ) i te + peed alee cack yasewsesasbesace 
poeaccceosoeown+ poewnnwce + 
COMPARE ENR. 1 coweweceeseecesesnen -+ tewwecwnceewneneen + pubcemswsGanscceeasesasnacasss 
poeceoeeeooowoes@ + 
DATA IFER 0 serene nnn nnn owen nnn nnn nnn nner wn en new ew semen ene sense neesewoent Saewteauduns 
picaecenessan 
GRITE GATE 37/5 eweenne + 
(IRPUT) 
Seaway busees 

GRITE GATE 7/5 $  teenes 
(OUTPUT) : 

1/2 byte <-->): 3¢) 3 

after seq. H : 

>: s{-- 1 1/2 bytes (410 chip delay + 1/2 byte (532 chip delay) 
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AIC-010 CHIP FUNCTIONS DURING READ COMMAND (157%) 


PNDEL/SECTOUNDEN sear sees taste ce carne ase eee eres nreaneestese saestomemeeecent et: sas 
wee tocnn bon teonn} lownntonton ten ton tenn ton ton ton tontecenncoenccoeccocco= toeacteocecne deen c cnn nonene + 
DISC DATS Wm 33t | JCLIBDISC|FLIECC] | [all Fa] Data jEcC]; 60 | | 
wemwtomnopontoeenn) fomwntoentenpontontemnteon ton tes tentenccwccoencccecoo= poootoomncen $owwnmewnwwoonoe + 
8 OF BYTES II | 28 |02] fOUPOUP OU] OI] 4 (02j02) 01) 01] 512 14] 10 | | 
eonmpoomatuotoccn | Joeman puctonponton toontententeotentoenreeceneseosceere meceas es poeaeccemnnorcece + 
wemetoonotootucon | Jeowntontonton ton town tuapontraton tecccccnnwcssesocec= et oe poewcenenencnwce + 
AIC-010 SEQ. ADDR I | 05 {OF 07 106401 ,02)03] C [08]17] 0B) 12] 04 }D{ 14 | 15 (STOP SEQ) | 


emmwtoowotootonna/ Jecontontuntontoentonetontentoenton tonne sen senescence stone poeroentoawnccencenesont 


toeecewnenne + +on4 
ADDRESS MARK «7 0 ---------=-- + jadecwceuswecsoaccoss $e. Geel sos ee eoetecbedew eu vesnaeeteeesededs 
teeot towns 
ECC § ewww econo en woncnownoweweenoncennne + tummewocceownwn een enc ccoeoooesne + puewecocncwenceccenccnon= 
tmnt : 
SECBA Go coer w eww nnwwennnoneworeenwsecerenscsencesone= + teemeewanennnn enn nme ew ene nnwnseeennenneseeneenesee 
woont 
GRITE GATE 9-7 /§ erento nn nnn nnn enon nnn nn nnn nnn nnn w en enenwnenrenecnoencone HisdkseStecdcenswesconsaceacswesnucseiaesa 
. Famewmwweooewewewencew nwo ecewenwen wwe neww cow ew weer ccooeoen ewe cooeseoeooee + 
READ GATE Gi SesSeeres + pevectectosuese 
toewooocooooe + 
STACK EMABLE 9 4 wweeennnnenenennesenene + $ecennenewne nw wew nnn nn none een en nn wenn nnn ncn en enn n nee sneen ne een-= 
INVERSE BRZ 9) mene nn nn sewn nnn nnn nnn nnn nn nnn nnn nn nnn nnn enn nw enn o nmr owen ewew enon nn nnn enon enn nn nn eenennneeeee 
gowwccncnwnns 
OUTPUT Q anwennenn nnn nnn nnn nnnnennnnne ane nnnenee . AE a en RRC Re Le See eT 
peoewwooeeoneccccocccee 4 tuewce + 
COMPARE ENABLE 1 9 ------------ + teececenee + $ocandtecbiwencccccnesacssseducnanuaneoswecense= 
$uowceceneconwoocere + 
DATA TRANSFER 0  cnoeccennnneneennnenesennnnnwnewnnn enn nnenennnnnnn= + Succadeckocacsusesseussccecs 


KG 11/18/87 
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A1C-010 CHIP FONCTIONS DORING WRITE COMMAND (157%) 


a 


PABEX/SECT(NDET. - sebateeemeetan seats cect rate ser ctes res one aces sates aes eere ane nen eeee eee a 
woe toonn ten tence) Jemnntootooteotentewnteocen= Pe eet et ee ey ee poeenewcenewnn cae + 

DISC DATA Z|] 33] | ICLIBDISC|FL{ECC] CO |S5E) a1) FS] DATs [ECC] 00 | L. 
eowotooontuateoesa) Joona tootentpoeotontuoes wane Be ee peeetoeecooa pomeemwosenwuewoowe > 

# OF BYTES IX | 28 {02| [OLpOrporsory 4 | 13 orporsory 512 [44 10 | l 
coon tonwetontonen | Joccntontonteetonteenteoenn= ee Se Pawweonownwencce + 
wowotoceotoatacce } foonntontontoopoetoont esnecon $we toe pwn} owaceceoesesoeneere Guraedoeneoa Poeeeeeeneoveer=e > 

AIC-010 SEQ. ADDR I | 05 [OF] 07 100)01)02j03] C | 09 |O&}OB{ 12] 04 1D} 14 | 15 (STOP SEQ) | 
wecetowectootowen) Jeccntootontentootooes eveere $eepue4uret}ooweeeworeweooeesoers poawtoneeve poaweaeoeoonewoe +> 

: possoonos on > paawcce + 
ADDRESS MARK 7 ---=---=---- ‘ teeeennennnnnnnnnnnn nee $  tHeweennnnennnnwennnnnnwnnnennenennnnwneneneennnnnn 
banns towns 

ECC § temo w men mnen wenn eseewesweescnene + poo me enn n nm eenwewweweeeevonecoccoocne + puacncercnceecwwocccccce 

we pomwwe + 

SECBA G eeewnenanwennnnnnnwennnnnnnnncnncnnneneennnnn= $ Henn enennennnnnnnnnnnnnennnnenennnnnnnnnennnnennene 
wwand pmewmweennenceewereeweweweccenwowecoonwcwscoce= + 

DRITE GATE 97/9 -wantonnnnnnnnnnnnnnnn anna nnnne nana n-n= + teeneeeenannnnnn- 

seen swwonseewoncsoeesewococe= + 
READ GATE = 6 =----=--- Saenennnnnnnnnenennnncnnennennnennenennenenneneennecnnnnennnnans 
pawoesesoeeeoa So 
STACK ENABLE 4 © ----------------------- ‘ toowecennnnnnnanennnncnnnnnnnnnennnenenenenennnnenreenenenenennnene= 
INVERSE WRZ 00 30 wenennnnnnnnn anna nnn nnn nnn nn nnn nnn nnn nn nnn nn nnn nnn nnn nn nnn nennn news enna nese nen nnnennrensecensersenees 
, 

OUTPUT 2 wacen en nnewennnnnnnnnnennnnennnnnnnnnnnnennnnenes $  tepenennennnnennnnnn nnn nnennnenennnennnnennnnne 

Var tuaeseceeoowoenccccocenoe + Guacoecoe 

CONPARE ENABLE 1 ------------ + tenscenenne $date en neenenennnnnnanernnencenenennnnnnnnenenee 
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